Supplementary
. Growth curve of H. hispanica. The time points at which cultures were harvested for marker frequency are indicated with arrows. Figure S2 . PCR assay to screen for knockouts of H. hispanica replication origins. Crude DNA from individual Foa r colonies was used as template, and forward and backward primers were located ~500 bp up-and down-stream of each target, respectively. Lane M denotes DNA ladder. WT and KO respectively denote wild-type and knockout alleles. The target was considered to be essential after more than 200 Foa r colonies (including tiny colonies if available) were screened without recovering a single knockout in at least two independent experiments. (A) Knockout assays for origin region (ori). (B) Simultaneousknockout assays for active replication origins on chromosome or minichromosome. (C) PCR screening for knockouts of ori-cdc6 regions for transformation hosts. Figure S3 . PCR assay to screen for knockouts of H. hispanica cdc6 genes. Crude DNA from individual Foa r colonies was used as template, and forward and backward primers were located ~500 bp up-and down-stream of each cdc6 gene, respectively (~250 bp upstream and ~80 bp downstream of cdc6A). Lane M denotes DNA ladder. WT and KO respectively denote wild-type and knockout alleles. After screening more than 1000 Foa r colonies without recovering a single knockout in three independent experiments, we obtained one cdc6A-deletion strain via screening more than 200 tiny colonies. For cdc6K gene, more than 500 Foa r colonies (including tiny colonies if available) were screened without recovering a single knockout in three independent experiments. Figure S4 . Growth defect of the cdc6A-deletion strain. DF60, ΔoriC1 and Δcdc6A were grown on AS-168 plate supplemented with uracil for 6 d at 37 °C . The results indicated that the cdc6A-but not oriC1-deletion strain displayed a significant growth defect. Figure S5 . PCR analysis of attempted disruption of cdc6A gene in Δcdc6E strain. (A) Schematic representation of disruption of cdc6A gene via a single-crossover strategy. Primers P1 and P2 were used to confirm integration of pUBP at the cdc6A locus, and P1 and P3 were used to determine presence or absence of an intact cdc6A gene. (B) PCR analysis of three of the tiny colonies isolated on selective medium. All three still contain an intact cdc6A gene (P1P3), suggesting that the cdc6A gene cannot be completely disrupted in Δcdc6E strain. Figure S6 . Quantitative real-time PCR confirmation of the MFA results. Copy number of the regions proximal to oriC1 and oriC2 was determined (Supplementary Table 1 for primers). The results indicated that copy number of the regions proximal to oriC1 and oriC2 respectively decreased in ΔoriC1 and ΔoriC2 strains. Supplementary Figure S9 . PCR assay to screen for knockouts of oriC2 region. oriC2L denotes the whole oriC2-cdc6E-oriC2D region. Crude DNA from individual Foa r colonies was used as template, and forward and backward primers were located ~500 bp up-and down-stream of each target, respectively. Lane M denotes DNA ladder. WT and KO respectively denote wild-type and knockout alleles. The target was considered to be essential after more than 200 Foa r colonies (including tiny colonies if available) were screened without recovering a single knockout in at least two independent experiments. The three ARS plasmids (pOC2l, pOC2-B and pOC2m) were transformed into the oriC2L strain. Five colonies transformed with each ARS plasmid were repeated for Southern blot analysis, and the mean concentration of episomal plasmids was quantified from two independent experiments. The cells were quantified via OD measurements, and genomic DNA was used as a loading control. 
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